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PUYACS

In order to achieve the objectives of this project it is necessary
that the final technical report present, as accurately as possible, the
fovement through the atmosphere of the debris from Operations RUB=T
and JANGLE and the distribution of the settled particles at the earth's
xurf-L; over the United States.

A tremndous nmber of reports were collected by seve.al agencies,
and many of these were in apparent contradiction of each other.
Interpretation required a stuy of the capabilities and handicaps of
the rarious collecting and measuring instruments and of the operating
procedures, elal of which are published else-whre and which would be
too v"Imimus to include except in suimary form in this report.
Further ini'ormstion is available in reports issued by the agencies
which developed and/or used the instrumewts. ?he interpretation also
involved a study of the complex meteorological processes which are
cortinually at work in the atmosphers. However the weather observation
network in not dense enouh to provide the answers to all questions.

Tabulated raw data ar seldom interisting or informative, yet it
was felt that the reports should be shown on charts, to convey better
than words the problems faced by the analyst*, and more importantly,
to peomt those persons whose inatruments were individually affected
in ame way by the presence of debris to analyse their situations in
greater detail.

A -1-4___m of routine meteorological description has been included,
since it adds liti•le W tm understan•d• i and mu-ch to the bulk of .nc
report. Exceptions are made in those cases in which the meteorological
factors had peculiar effects on the transport of the debris and which
contribute information which may aid in the operation of the Atomic

enorgy Detection Systen.

It should be noted by those who have occasion to convey information
to the general public that the appendix to this report contains all the
information on Lhe distribution c particles at ground level and is
classified RESTMICTO) when separated from the body of the report.
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ABTrRACr

The main portions of the Baker and Charlie clouds moved -iuth-
westward to the Pacific Ocean and recutrvod ,W spread over a larFe
portion of the United States. The Dog and Easy clouds sprvwd south-
eastward over the Southern states. Both JANG(• clouns moved north-
eastward and were detected chiefly in the northern part of the
country.

The eahbination of vertioal diffusion and fallout with variable
low-altitude winds produced broad bands of deposition at the surface.
Heaviest surface deposition* were associated with prscipitation.
The evidence sugget: that the particles were contained in raindrops.
The surface fallout-meitoring progrem yielded some results which
can not be adequately *=ain& d and differences were found in the
memuramonte from the various types of saampling device*. iUncertainty
L" the significance of tray and gumod raper results restrict the
usefuln ss of the data.,) Unusually hIgh activity at Klko resulted
frio the channoling off of 'Io terrain on the lower level debris
In Nevada.

It has, concluded, lative to the detection of foreign
explosions, at under mateortlogical conditions imilar to those
during the DoF teet, high wind* and little hear, it would be possible
to fail to intrcoept an atomic cloud 1500 miles from the source witht
routine flight& every 4 or 24 hou-s. The shortcomings of meteoro-
logical traject6ry forecasts, evem in regions of good data, were
demonstrated in the Underground test and some suggostions are made for

i 4 tz "t-"* fe~casters and operations personneal.
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CHAPTU 1

IWMh'ICTIWI

1.1 oe.fl

During Operations BU3TER and JA•U @ova atomic weapons were
detonated at the Atomic nergy Co.ition Nevada Test Site. Project
7.1 %o undertaken to determine the distribution of the airborne
debris f-va tho toots by metorological analysis and by a study cf data
from the doteLica togros. A knowledge of the distribtion of the
debris In useful in evaluating hasards to personnel and property, and
in plom~ing operations lor the detection and location of foroign atomic

ex1p 71ons.

The airborne particulate debris is transported by the
horilsontal wind, but also has vertical and hotisontal motions due to
a complex oombinmtion mind hear, eddy da.de (too involved to treat
nther than by turbulence considerati0on), graviational fallout, and
falling precipitation. Past le#rience indicates that the debris
my be carried to vsry greaxa'. distances and be deposited on the
pown in roto places. It appears that the amount of radioactivity
whoih can be so deposited Is far below human tolerance •e•*pt in the
test area and in pwreipitation within a few hundred milos of the test
area. However, the presence of the particles in the air and on the

ruow may affect sensitive instruments and materials many thousands

1.1.2 Detl*itl9E1 gt !grKoij falosihon

The plaming of air end ground operations for he
detec•ton of debris frvm foreign atomic tests must be based on reliable
information of the characteristics of atomic clouds and the wmy in
which these charactoristics vary with weapon, tim, distance from tte
sowrae, and meteorological mnditions.

1.2 MLLL ACM-N

Although the radioactive particles from the first atomic bomb at
Alam•mgordo were subsequently detected by the photographc industry in
paper ma4iactured more than a thousand miles avay from the burst,

1
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only mild ýnte,-est was dove) ad in the atmospheric transpcrt of debris
until Opwr'atlon SANDSTONE, when aircraft fitteu with high capacity
filters picked up appreciable quantitioe of fiLssion products halfway
around the earth from the test site. The U.S. Weather Bureau made a
comparison of thesA rloud location data with associated wind conditi ,e 1

and found that this dispersion occurred under normal tropical meteooo-
logical conditions. Some uncertainty existed, following SANDSTONE, as
to the efrects of the greater stabillty and wind shear of middle
latit,udes on clo,' height and distance of transpgrt, but the results
of the cloud tracking effort on Operation RANICE showed these clouds
to be proportionately high and eqtally per-sistent and wide spread. Only
one to two d&sa were required for the debris from the Nevada Tsst Site
to be carried to the eastern U.S. where it was found in hig concen-
tration at the levels ampled by aircraft and at the ground associated
with precipitation. Just two weeks were required for scme debris to
move acapletely arowit the world. RAN( particles were still faintly
detectable in the atmosphere at the beginning of the C 0R)HOUSS tests,
two months later. Two clouds from Operation MINHOUSV were the first
to penetrate the stratosphere. The upper portions of the"e were above
the ce•tn"s of tracking aircraft so that tne dieposi, on of debris
could not be dete-rmied except in a very general wsyT In connection
with this operation, the Atomic Energ Comission established a warning
&etvice for the manufacturers of photog'aphi. equipment, giving the
predicted distribution of debris using cloud tracking Information
provided by Headquartere USAF (AFP(T-l) and steorological trajectories,
This warning service was also set up for Operations IUJSTI and JANGLI.
It was successful in that the areas covered by debris appr~ximted the
predicted areas, but the timing of the arrival of debris from Operal...
P I"NuMIZ ---. •. .. et4mea=P in men num error due to the paucity of upper
air wind data in 'tho Paciric Ocean.

I U.3. Weather Bureau, Scientific Services Division, Tracki-i of

Airborne Radi,*ctive Material b., Meteorological Methods, jjjr
OfOepat Fon FI, IIAM Vol. II Tab A, U. S. Air Force, 1949.

2 U. S. Weather Bureau, Scientific Services Division, Dispoestion

of Atc•tdc Debris Resulting from Ofrastion RAN(Art, Final U. 5. W. b.
Reoprt on Operaon RAWO, I LDcember 1911. k LT:T, kQShI1(,CTF1) DATA)

) U. 3. Weather Biureau, Sciertirir Services Division, report on the
meteorological aspects of Operstion (FRUM1JSE (in ineparation).
(SL=, RES•lUCTZD DATA)

_ _ _



1.3 CHARACTERISTICS OF ATO4IC CLOUDS

For the proper interpretation of the data to be presented, a
knowledge of the impor.ant characteristics of atomic clouds is
necessary. Initially, an atomic cloud consists of a long slaender
"stem" capped by a broad' "mushroom" top. Although appreciable
amounts of debris are contairied in the stem, the great bulk of the
material is in the mushroom cap. The larger' particles carried aloft
fall out shortly after the explosion. The height to %hich the cloud
rises initially is governed primarily by the character of the burst
and the stability of the atmosphere.

The subbequeal configuration of the cloud is determined by such
factors as the size distribution of the particles and the rate at
which they fall out, the nature of the wind field in which the cloud
is imbedded, and the manner in which the cloud is diffused.

It is, of course, apparent that all of the particles in the
cloud will have mom fall velocity. The larger particles will fall
to the ground soon after the burst, while the smaller particles
wi.L remain airborne for long periods. Knowledge of the size distri-
bution and fall velocities of the particles is so incomplete thai.
only qualitative estimates can be used.

Similarly, the phenomenon of diffusion is difficult to treat
in a quantitative manner. It is evident that the ever-present
turbulent elements of the atmosphere will tend to diffuse the debris
in both vertical and horisontal directions. The extent of the dif-
fusion depends iot only on the char&.cteristics of the turbulent
edies of the atmosphere but also on the time and apsen bea-le -LUAir

consideration. As the cloud grows, larger and larger eddies become
diffusing elements, so that the rate of growth increases.

The movement of the cloud is governed by the wind field. The
trajectory of the • cloud, that portion of the initial c x
which moves approximately horizontally, unaffected by diffusion or
fallout, can be computed by c.nventional techniques from upper air
wind and pressure data. Such meteorological trajectories are natu-
rally subject to error, particularly at levels o0 regions where
there are few upper air observations. In general over the United
States these errors aver&ge 10 percent to 20 percent of the length
of the trajectory.

Horizontal and vertical wind shears coupled with fallout and
diffusion are very effective agents in promoting rapid horizontal
growth of the cloud. Alhhough primaiy cloud movement and the
effects of shear can be deter•ined quantitatively, the complications



introduced by fallout and diffusion make it necessary to use vapirical

techniques derived from studies of these and other atomic clouds in

determining the areas affeoted b7 the tests.



CHAPTER 2

EMIPEKflTAL PROCEDURE

2.1 INSTRhIENTATItON

The cloud movement and position information presented in this
report is the result of meteorologicail analysis, for which standard
wevther, wind, and temperature data were used. confirmed and supple-
mented by cloud detection data. The initial tracking aircraft
employed somewhat different techniques in locating the cloud than
did the tracking aircraft operating at greater distances from the
Test Site. Still other methods were used to obtain measurements of
the radioactivity near the ground.

2.1.1 Initial Trackinga

Visual contact with the clo a was maintained as long
as the debris cauld be easily seen fPom airplanes. Accurate visual
positioning was possible up to three to six hours after the detonation,
depending on the wind shear and the amount of moi3ture clcud associated
with the debris. The eye was unable to outline the diffuse edges of
the material, and instruments were required to define the horiz.l-,-
extent of difrusion.

Measurement of an increase in the small ion concen-
tration by the air corductivity method provided Lrmadlate indication
of flight through or near the debris. The equipment used is able to
detect radioactive particles at a horizontal range of a mile or more,
permitting cloud tracking without aircraft contamination. Flight
through the debris, even in low concentration, results in deposition
of particles in the instrument and on the skin and 3ngines of the
aircraft, som•tmes raising the backgrowud so high that further
detection is difficulL or impossible. Operations were therefore
confined to outlining the edges of the debris by flying just near
enough to obtain a low reading above background. The range of the
intitrment permitted detection of debris At a.tit-des several
thousand feet above and bel-w the aircraft.

The scintillation counter has approximately the same
detection range as the Air conductivity equipment, but is perhaps
too sensitive to chriges of concentration for cloud tracking. It
provided an interesting and useful check on the other instruments.

5



Uthough used primarily for personnel safety, G-M
Monitors provd useful as detectors when the aircraft flew too close
to or into the debris.

Each cloud tracker airplane was equipped with the
standard C-I foil for the collection of particles, and filters were
changed at frequent intervals, but the results were not available
imediately and could be used only to confirm existence of debris
in the flight path.

2.1.2 Distant 1aki

The tracking airplanes utilised at greater distances
from the Teat Site were equipped with the air conductivity instrument,
a cascade impactor, a G-K tube with a rate meter, and a scintillometer,
but all of theme were of secondary importance compared to the high-
capacity C-I air filter. The C-I foil contains twe filters, right
and left, each having one square foot of exposed area, mounted so that
two indepe ,dent samples can be taken. The airfLow through each was
about 1000 cubic feet per minute for the filter meaterial used.
Collection efficienqy was over 90 percent for particles down to sub-
micro miss.

Norimally filters were changed alternately every fifteen
minutes, all.ing a thirty-minute exposure for each filter. When
marked changes in altitude were made, filters were changed more
frequently.

• - urtd at the sir haso after a minimum
waiting period of five hours, which allowed for some decay of
natural radioactivity. In the text and figures of this report, all
counts pertaining to the long-range detection flights are those
obtained at the counting time converted to a comon base of counts
per minute per half-hour exposure. The conversion of these data to
absolute units depends upon the rate of sampling and therefore upon
the speed and altitude of the airplane, on the characteristics of
the particular bomb, and on the cha~acteristicq of the counter.
However, an approximation of the disizntegrations per minute per cubic
meter of ;iir can be obtainet. by dividing the counts per minute per
half-hour eAposure by ninety. Thi- con-,ersion 'actor, in some cases,
is in error by a factor of two or three.

2.1.3 urface detection andompn o

For the detection and aampling of debris at the ground

6



three priaciple iteme of equipwwnt4 were used.

A -hallow troy having 8.75 square feet of surface was
mounted in An exposed position and kept wet with a fraction t an inch
of water. A,ter exposure, the mate-' ae filtered and the fter was
ashed and oountid. The process of &shim_ and counting wes also used
with a 1.1 square foot gumed paper which ws expoeed near the ground.
A few of these gummd papers were used to produce radioautographm.

The third smpl] device, used at only a fow station
was the standard air-filtering equipment used by the Health and Safety
Division of the Atomic hnergy Conmission. It has a oapacity of 20
eebic feet per minute through a four-inch #41 Whatman diec.

2.2 MMUOM

Batisfactor7 documentation of the histoory of dispersion of the
pila of dust and bomb debris should have included simultaneous

easuremens of concentration at a very great nmber of points
throughot the cloud, repeated zt frequent intervals during the
period of Its travel. This being eoonomically impractical, tracking
operations were desinped arovd available aircraft and equipnt.
The work fell natur•a•y into four separate operations: determietion
of ths Initial cloud dimensions; deterumintion of the movunent of
the cloads within a few 'iundred miles of the Site; determintion of
the cloud width, and the concentration of debris, primarily over the
eastern part of the United States; and determination of the concen-
tration of fallout at the surface over the country. These gave a
few essential facts %hiuch could be used by the project meteorologists
to resenstruct an approximate history of cloud travel.

2.2.1 Kg&LM gJ jfltiJ ClU4 Diesin

The Air Weather Service Detackuent at the Contral Point
determined the initial height arad width of significant portions of
the cloud, using a theodolite. Located at a known distance (10 to 15
miles) frum Ground Zero, the instrument was employed to obtain the
elevation and a&imth angles to each prominent cloud feature. Tri-
angulation, using appropriate corrections for cloud drift, gave the
heights and widths.

4 U.S. Atomic Knorgy Coission, eow York Opera'lons Office, 1JL-
t Debris from Operatios BUSTER atd JAM , Oberwat1om ayomn

Kilos fr-. the Test 311g, NTG6-1576, 28 January 1952. (ST)
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The Air Force Special Weapons Camand 5 with the aid of id of
aircraft and crews from the Air Weather Service Weather Reconnaisancs isance
Squadrons, followed the debris by airborne instruments out to a distance distance
of 500 miles from the Site or until it was suspected that the radiation a dtit, 0 n

was no lenger h•sardous. Although three aircraft vere available for a for
this operation, only one or two were normally used on a single cloud. cloud.
However, all three were uised for the Navy cloud. One plane was in the in the
air near the Site for each detonation and followed the cloud visually. sually.
Instrument tracking war accomplished by circling the active reoton, Lon,
makin periodic turns tovard the cloud until instrunets indicated ted
above background, then turning away and proceeding to another position osltion
on the cloud perimeter where the process wea repeated. This succession ccee'tion
of point locations was radioed back to the Control Point where they they
were plotted en a control panel for the information of the Test Direutor Direutor
and Project personnel. The second and third planes were sometimes sea

called to relieve or assist the first in the tracking operation. At . At
no time did these aircraft measure the maximum activity of the clouds, :!ouds,
althouh the Instruments occasionally deflected full scale. b~ep in OW•. in
the JANQZ serias, the ma-xilmu activity, the mushroom, was &Jwqs rs
several thousand feet above the operating altitude of the aircraft, aft,
fifteen to twenty-five thousand feet. Thus, for BUSTR, the tracking icking
aircraft followed not the maxiAmum activity of the cloud, nor the low I low
level debris which offered the greatest hasard to persons on the ground, i ground,
nor usually even the core of the cloud at any single altitude (due to lue to
the great sensitivity of the instrumens), but only the edge of the the
fallout curtain which trailed below the higher portios of the cloud. iloud.
This obviously complicated the task of fitting the fovement into that ) that
indioated by meteorological trajectories, but wes useful for outlining Alining
the broad .ath of tho debri a

The data obtained by tne initial cloud-tracking operations mrations
are noa included in this report but are tabulated in the Technical Air al Air
Operations Report, by the Special Weapons Comand; however, based on od on
these data mape were made showing the initial movement of each of the f the
clouds and are shown in the appropriate sections of Chapter 3.

2.2.3 JongrUn Q19yd-Trocking QY nt

,n lO09th Sjvcial Weapons Squadron, i•th the aid of of
additional units from the Air Weather Service Reconnaissance Squadrons, a rons,
conducted air sampling operations frm Robins Air Force Base, Georgia, oigia,

5 WF, •Sp•cial eapons Command, Technical A) Operadong k2rt
for BN3Tfl-JMWq. (SECRET, RE.STRI CTED DATA)



primarily along the W4th meridian. Theme flights are denoted by
code nme LARK WILLIM. The planes were dispatched on the bais
meteorological predictions of the cloud trajectory. Thee plne's
passes through the cloud as it progresmed across the mridian, be
again ths major portion of the activity wos usually above flight
altitude, and all flight altitudes we-e well above the surface.
few flAihts, termed LARK BAD SflCIAL and LARK CKARLIZ SPECIAL,
made southwanti and southwestward from Sacramento, California, to
the clouds wh~ich moved in that direction.

All data obtained from these long-range detection
flights are included in this report. Maps contaLining the data
each flight ame included in Chapter 3 in the discussion of the
appropriate burst.

2.2.4 2bsac 3uling Ovegi12fE

The ABC, New York Operations Office, with the aid
U.S. Weather Boeau, installed fallout trays and gied papers at
statione in the United States for Operation BUSTE, and 10 mere f
Operation JANQX. Tea of the original fifty ware located near
64th meridian and wore equipped with high-volume air samplers.
samples were taken over a 24-how period. Senples wer
neaft ABC installations haere the were counted. Theee data
assembled and tabulated at the ABC New York Operations Office.
ofce also operated six mobile ground stations, and during
made a few low-level filter flights along the 95th meridian. The
personnel and portable equipment for the mobi a statl r.. me
locations predicted to be under the cloud of debris. These teem
expoeed trays and gummd papers, umsally for 12-bour periods, *ad

of the airborne cloud.

The data from the ABC-Weathor Bareau network of
monitoring stations are included in Appendix A of this report.
data frao the mobile stations and the low-level flights have boena
used in the preparation of the report but in general have fto
Included. These data are given in the New York Operatione Oflce
Report.

6 U. S. Atomic lkergy Cminission, g2. Ea.
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primarily along the 84th meridian. These flights are denoted by the
code rame LARK kaL.IM. The planes were dispatched on the basis of
meteorological predictions of the cloud trajectory. Tnese planes made
passes through the clou4 as it progressed across the meridian, but here
again the major portion of the activity was usually abovo flight
altitude, and all flight altitudes were well above the surface, A
few fl!ghts, termed LAUK BAKE SP=CIAL and LARK CHARLIK SPIMAL, were
made southward and southwestward from Sacremento, California, to cross
the clouds which moved in that direction.

All data obtained from these long-ran• •etecion
flights are included in this report. Nape containing the data from
each flight are included in Chapter 3 in the discussion of the
appropriate burst.

2.2.4 Surface O

The ABC, ew York Operations Office, with the aid of the
U.S. Weather Bureau, installed fallout trays and gumed papers at 50
stat' .o in the United Sta .es for Operation BUSTER, and 10 more for
Operation JaN0.B. Ten of the original fifty were located roar the
84th meridian and wore equipped with high-volume air samplers. All
sasmlee were taken over a 24-hour period. Sorples were air-mailed to
neart ABC installatiAs where the7 were counted. Theme data ere
aseemblea and tabulated at the ABC New York Operations Office. 9 This
office also operated six mobile ground stationa, and during BUST,
made a few low-level filter flights along the 95th meridian. The
personnel and portable equipent for the mobile statio s were flown to
locations predicted to be under the cloud of debris. These teams
expoeed treV3 and gued papers, usually for 12-hour period@, and

Cbt^4 Z.=t. wa? *.~ -I. A.,y.4 . uun4 &fta ti.* yr..r..

of the airborne cloud.

Mhe data from the AEC-Weather bureau network of fallout
monitoring stations are included in Appendix A of this report. The
data frm the mobile stations and the low-level flights have been
used in the preparation of the report but in general have not been
included. These data are given in the Mew York Operations Office
Report.

6 U. S. Atomic Energy Comission, 2p, En.
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CHAPTER 3

DI8ThBUTIOII OF RADIOACTIVE DEBRIS

3.1 PýU ABLE

Detonation of this weapon occurred on a 100-foot tower at 1400
OCT 22 October 1951, at about 4300 feet above sea level.

3.1.1 IBil Qqd_ Dimienels

Oly six minutes wire required for the BUSTS Able
cloud to reach its max4mm height of 8000 foot above sea level, at
which tia. the base of the mushroom was at 6700 feet. As the cloud
moved eastmard over and beyod the first range of hill* additional
lifting and settling occurred so that the height variad between
about 8000 feet and 10,000 feet. At eight minutes after detonation
the cloud width was 5100 feet. A rhallow cloud of dust reaching a
height of #'Iout 300 feet above the gronud was raised near the tower.

3.1.2 i2" Q941 u
Beta and gem activity was sc low in this cloud that

the tracking airplane was unable to make ay measurm s. After
following xt viwally f-, about an hour, long enough to determine
its initial direc• on of motion with accuracy, the tracker returned
to base.

There were no long-rane detection flights. figure
3.1 shows the trajectory of the top of the cloud, i.e., at 4000 ft
ea1. Positions are shown at 6-hour intervals, and the ýime is
indicated daily :or the 0000 OCT position. This path wes determined
entirejy from the oberved winds at lAmels near tUe top of the cloud.
"Phe irea* shr a in Figure 3.2 represent the ajprojrma.te distribution
of the nate.ia, in the upe:- part of the cloud. say rr.K 6000 to
:0,00 feet, at 2.300 GC -a four suct.oses.7 days he,-tr.i',ý 22 October
1951. ! s',,sioflon, espec• /lly over the Rocky Aotntains, is assed to
have spr*%d the cloud upward to about the lO,000-foot le1.l. It
shou_ be q*AasiY•d that tV are-.s shoun are onJ- prnoximate since
t~ey ,re bWied on a meteoroln•ical trajectory wh'c is subject to
esror, ad• cn an estimated rate of spread.

10
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3.1.4 Distribution of RadEoactiv_ Debris fS a GM

Due to the absence of detectable beoLa and gaa
radiations from tia debris of this cloud, no ground contaminatio.n
is attributed to it. Mo measurements of possible alpha
contaminations were available.

3.2 -

Detonation of the weapon occurred at 1W OCT 28 October 1951.
The weapon was dropped from an airplane and the detonation altitude
was determined to be 5400 feet sal (1100 feet above the ground).

).2.1 JQIJ 210 Dmlmv a

The Baker cloud reached a maximum height of about
31,700 feet Mal in 15 minutes. The mushroom was broker up in rising
the fina few hundred feet and the reddiab-brow bomb debris appeared
to exist in moderate concentration frem 13,000 feet to the cloud top.
Below this height, any brmunish debris was obscured by the thick gy
dust column. No observati~ns were mde of mmhroom width.

The movement of the debris toward the southwest is
illustrsted in Figure 3.3. Lines are shown, outlining the leading
edge of measurable rodioactivity at one-hour intervals. The leading
edge wae the highest portion of the cloud, since wind speeds iLcre•sed
with altitude to above the top of the mushroom. As the airborne
instrumonts respond only to activity within a couple of thousand feet,
vertically, and the .irplaie w•e at about 20,000 feet, the progression
w .um &--Suez- )WrI.us was Qeversmia aBy Visual eoeroaton and meterO-
logical trajectories. The slower air flow at low altitudes resm-ted in
a tralling of debris back almost to the Test Site. Most of the debris
moved through the area indloated, except the very lowest portion of
the cloud, which was carried so slowly that it smy have been subjected
to a somewhat different wind field before it --%ached the coast. Although
this wae the portion of the cloud which offered the "reatest hasard to
personnel at ground level, it was not tracked. The tracking airplane
completely circled a portion af the cloud at 20,CO tfeet at 2030 GCT.
It is proLable that this wes the main clrud stem at and near this
altitude. The diameter of the slice wMs about 13 nautical ail.&,
representing a mean rate of increase of the diameter, to that point,
of about three knots. This rate compares well with similar measure-
mente on other cloud

13



3.2.3 IfonrytMM 2clud PLath

The lottg-range trajectories for the 3aker cloud are
shown An Figure 3.4. Each trajectory represents the movement of the
primary cloud at a particular level. These trajectories are based
on meteorological data and on the results of the detection flights.
It can be seen that at 700 mb (approximately 10,000 feet) and at all
higher levels the primary cloud curved around the low pressure centwr
off the coast of Southern California before crossing the United States.
This low was nearly stationary and was well developed to elevations
above the cloud top. Some of the material in the lowest few thousand
feet moved farther westward over the Pacific and did not retrur to
the United States until mar days later. Also, as is indicated by
the splitting of the 500-mb trajectory in the vicinity of the low
canter, it is believed that some of the material at this and probably
at other levels rumained within the cyclonic circulation for perhaps
anotbeor day before moving inland with the low center.

The plotting model for data from all long-range detection
flights is given in Figurv 3.5. The first flights pertinent to the
Baker cloid were the two LARK BAME flights shown in Figurve 3.6 and
3.7. Tho high activity, particularly that encoxitered on the first
cf thes flights, was probably due to fallout from higher levels.
The flist LARK WILLIAM flight (Figure 3.8) detected no activity above
background. The northern part of thls flight was either lust ahead
of, or amre probably one or two thousand feet bulow, the fast-4ming
uppr portion of the cloud. The LARK WILLIAM flights 2 and 3 (Figres
3.9 and 3-.10) each moe two passes through the debris from the Baker
cloud. These four passes through the cloud occurred within a four-
hour period and were aUL at different levels. At none of these levels,
from 10,000 to 25,000 feet, did the aircraft pass completely throuugh
the cloud. However, it is felt that the ar*a of highest activity was
Intercepted at each of the levels, since the air just a few miles

north of t*I. t~ii point: of th. f.ig had an ifA f.. 4P.-..
trajectory than the air cortaining the radioactive debris. There was
probably no radioactive debris from this burst north of 430N.

With the aid of detection data from the LARK WILLIAM
flights and meteorological trajectories at the standard isobaric
levels a time-altitude cross section (Figure ;.l1) was drawn depicting
the axis of the cloud as it passed the 84th meridian. In addition to
the Bak, r cloud the Charlie cloud (see Section 3.3) is shown, sance
it reached the flight line 3hortJy after the 9aker clld. It 3hould
be empasized that thie diagram at all times pertains t.o the latitude
were the highest concertrations at the $4th meridian occurred. For
example, the cores of both clouds passed the flight line initially
at around 4004, while th, highest concenti-ations on the next day were
:crind at around 35'"N. In the figure the dete-'tion data is denoted

14



only as to order of magnitude by the appropriate hatchiig. Thai circles
represent the primary cloud at the standard meteorological levels. The
heavy line Joining the circles, 'hen, represents the core of the cloud.
This core, at least in the layer through which the mushrom initially
extended, probably contdined concentrations ot aw than 1,000,000 cpa
p1r half-hour flight. Lines denoting a moderately high concentration
(10,00 cpm) and a concentration (200 cps) above the general backgiound
prior to the bursts are shown. Except in the vicinity of actual
detection data these lines are only approximate. The conc•,t-ftlon in
the lowest few thousand feet was inferred from the data at higher
levels and especially from the AEC air filter data at the ground,
given in Appen&3x A. As will be discussed later the ground detection
wa amplicated by maz~y factors and is hard to interpret. Nevertheless,
air filter stations near the flight line, particularly Cincinnati,
provided useful information. At this station there was an indication
of decreasing residual activity from the third Russian burst prior to
the arrival of the Baker niterial at the ground. Then, on the filter
exposed from Q750 OCT 1 November to 0640 OCT 2 November, a count of
570 d/u/meter- was observed, showing the arrival at the ground of very
high concentrations of radioactive debris somstime during that period.

For the Baker burst and for the rmairniig bursts as well,
an attempt has been made to delineate the areas of radioactive material
at several upper levels at or near which there were detection fltht&s.
Figures 3.12-3.14 show maps of the material for 1800 OCT 31 lovembs-
at the 400-, 500- and 7O0-mb levels, respectively. Again isolines
for 10,000 cpa and for 200 cpa are shown. These areas were determined
by extrapolating detection data, by mom of meteorological trajectories,
ahead or backward in time to 1800 OCT on the 31st. Keteorological
trajectories from the burst site and esatiates of fallout and diffusion

ma. lu. u dete-,I~h4-4. ),:- .- = , W-_.AS
I .. . ------ .... ina.

near the fligtt line these areas mus' be considered as rough approdi-
matione onlj. The areas occupied by the Charlie cloud at this time
at the three levels are also shown.

3.2.4 Dit~bto 2t Raiat blep aGon

Debris from the Baker burst first appears on the map of
ground contamination for 29 October (Figure A.11) over California,
with a very high concentration at Santa Maria, which was very nearly
beneath the path of the cloud at most upper levels. The contaminated
areas in the eastern part of the country and in the extrame Northwest
are from the third Russian burst and are generally associated with
rainfall.

On the next day, as shown in Figure A.12, the sample
collected at Topeka, Kansas, between 0800 OCT 30 October and 0400 OCT
31 October represents about the farthest eastward position of the

15
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Baker der!is at the grot"1. Tnits Al,rln was undoubxed]y brvught down-
ward in the light precipitation that occurr#*d during the sampling
period. ,hz, radioactivity found at stations east of We Mississippi
River wes very- probably from the Russian burst.

In Figure A.13, the map for 31 Octcber, the exact
differentiation of material from Baker, Charlie, and the Russian
burst is impossible, but it i* probable that the bhlt o.: high
concontrationm in thh jt.• •.,t of the country a63 ChIe to A miXture
of debris from the Baker and Russian bursts, tihile that in the central
and western parts represented a mixture of material from Baker and
Charlie. The surface distribution on tlis day correspot3ded qui,.e
well to the distribution at the 700--mb level, shown in Figure 3. 14.

On the lot and 2nd of hvuymber many areas of high
concentration were reported, but, again, the material could not be
identified as to burst.

The third weapon of this series, an air drop, ws detonated at
about 5400 Zeat mal (1100 feet abuve the ground) at ].500 GC 30
October 1951.

3.3.1 Iniia Lu2d D iioni

The cloud reached 12,000 feet above the surface in on
minute and climbed to its maximum altitude in less than 12 minutes.
The mushrocm spread so rapidly and the cloud moved so nearly over
the theodolite that it wa-a im-poatibla to d.tair-i-.e the haeigt accuratoly.
To beat e, ie from &I! of the data seem* tc be about 41,000 feet
for the top and 27,000 fcot fci Lie base or Lrne miahrom. Kleven
minutes after the explosion, the width of the mushroom was about 15,000
feet. A column of dust and debric trailed down to the surface, and
this became distorted by the wind shear.

.3.3.2 Iital± _Q2_4 jetý

Figure 3.15 shows the cutline of the cloud at one-hour
intervals, as determined by aircraft data and meteorological
tralectories. An unusual wind condition existed over the test area
at and following detonation time, A deep low Mressure syetin lay
off the coast near f'&n Diego with a very marked trough ur slear line
extending from thir, lcwaiortheastward across Southern Nevada. This
trough lay to the nortj.-est of th, lest Site from the surface to



12,000 feet and to the southeast of the 3ite from 13,000 to 35,000
feet. This situati(-n gave southwest winds In the lower levels and
northeast winds above. Thus, the main pokrt of the debris was carried
southwestward, with a maxidhm speea of 32 knots at 2&,000 feet. Above
36,000 feet, the shear line was again northwest of the Site so that
the top of the cloud moved toward the northeast. For two hours after
the burst the visible cloud was a spiral, originating at the Site,
where a near cal existea near the ground. This spiral is shown in
Figure 3.15 by the isoohrones for 1600 md 1700 OCT. The highest
part of the cloud could not be tracked after it was no longer visible.
It and the lowest part were tracked for only about three hours. The
first flight to track the cloud southwest of the Site aborted after
4-1/2 hours and the second tracker was unable to make its way around
the cloud to track the forward portion. The leading edge after five
hours therefore must be considered only approximate. The dotted linto
show the trailing edge of activi~y in the neighborhood of the flight
altitude, 20,0Cý feet, as determined by the sec-ond tracker.

3.3.3 &n&OWAan Cloud Path

The path of the Charlie cloud at intermediate levels,
fro 13,000 feet to 36,000 feet, was fairly similar to that cf the
Baker cloud in that It first had a southwestward course before
heading eastward. However, as indicated in the discussior of the
in-tial cloud charactsristics, the top of the cloud and faeo the
lowest part aoved with an eastward component from the start. The
trajectories for thi cloud are shown in Figure 3.16.

The LARK CHART.TR SPK(CTAL f!ight, Figure ..17, sh.oed
only background activity off the coset of Southern Caiifornia.
This indicates that at flight levels uncontaminated air had moved
in behind the low center, which was moving northeastward. The first
detection of the Charlie cloud along the 84th meridian was made at
20,000 feet on the southbound leg of LARK WILLIAM FOUR, 3hown in
Figure 3.18. The 10,000-foot legs of this flight detected moderate
concentrations of radioactive debris which might have been from the
Charlie cloud but which were more probaly from the Baker cloud. The
20,000-foot detection on this flight occu-,-re through a fairly broad
belt with two peaks of more than 100,0OO cpm. This double maxim=
is quite different from the narrower, 5irq~le peak of activity found
for the Baker cloud.

The different paths followed by the debris at the 300-mb
level and at the 400-mb level, as shown in Figure 3.16 suggest the
explanation of the do•le .-aximum. Mhe 1,00-mb trajectory crosses the
flight line at 470 N. not fhr from the northein peak activity. Probably
this peak wks caused by debris, originally aboVeO the 300-mb level, which
moved along a path similar to tt.at of the 1X0-mb trajectory until it
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had been carried farther to Lhe north than the lo~er-level de•.•!-. if
this material had & Fradual dowiwrd motion, bringing it to the 20,000-
foot level near the flight, line, it coul.1 Rccount for the northern
peak in activity.

The .qouthert maximum occurred near the intersection of the
.00-mb trajectory with the flight line And only a few hours after the

primary cloud at this level had passed. Thu3 thiL activity can be
attributed to a primary cloud for the 2U,000-foot level or, better, to
material that had fallen only a few thousand feet before reaching the
flight line. This is an excellent example of the spreading of a
contaminent in the atmosphere by the conbined effects of the wind shear
with height, and vertical motions.

The passage of the core of the Cha 'lie cloud at the 84th
meridian is 3hown with the Baker cloud in Figure 3.11. As with the
Baker cloud, the inferred times of passage of the primary cloud at
various levels and the nature of the fallout curtain seem reasonable.
Data from the LARK WILLIAM FIVE flight (Figure 3.19) show that fairly
strong concentrations of material occurred at least in the layer from
5,000 to 15,000 1 let. This debris is probably from the Charlie cloud,
but could be a mixture of material from Baker ane. Charlie. Similar
concentrations were found in these levels on the initial --limb of the
LARK WILLIAM SIX flight, shown in Figure 3.25 with the discussion of
'the Dog cloud.

Figures 3.20, 3.21 and 3.22 depict the areas covered by
the Charlie and other clouds at 400, 500, and 700 mb at 1800 "C? 1
Ivemvier. The considerable extent of moderately high concentrations
from the Charlie cloud in perhaps more apparent on these figures than
= th .maps ... th-, irndilvd~l- deuevdion flights. This spreading stern
from the large difference in the wind speeds and directions at various
levels, showc by the spread of the trajectories, coupled with vertical
diffusion and fallout. Lateral diffusion at a particular level would
not. result in a spreading of this magnitude.

3.3.4 Distibution of Radioactive Debris at the Ground

Certainly much of the ucterial collected at the ground
during the week following this burst was from the Charlie cloud, but
tin promence of debris from other b,,rsts mdJe it Lpoosible to
afAribute any individual sample to a particular curst. A furtlher
discussion of the mixing of debris from Baker, Cnarlie, ana Dog clouds
Is given in 3.4.i.
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3.4 BUSTER DOG

Detonation of the fourth BUSTE weapon occurred at 1530 OCT 1
November 1951. The weapon - dropped from an airplane and exploded
4t 5600 feet mal (1400 feet foye the ground).

3.4.1 Initial Cloud Dimensia

The cloud reached a maximum height of 46,000 feet with
the base of the mushroom at 31,000 feet mel. A reddish-bro•wx column,
assumed to be largely bomb debris, was observed from 17,000 feet to
the mushizam. The part of the cloud origits.lly in the mushroom was
rapidly stretched out by the winm shear through that lVer, so that
it was 12 nautical miles long 16 minutes after the axplosion.

3.4.2 In~a Coud Trc

Analysis of the cloud positton reports and of wind data
over the area covered by the cloud made it possible to reconstruct
the Iwcxression of the cloud at one-hour intervals for nine hours,
as shown in Figure 3.23. The topmost part of the cloud moved south-
eastward and then %astward at an average speed of 75 knots, passing
over Alamowgordo, New Mexico, 7-1/2 hours 'tvr detonation. This
por•.ou was too high to be tracked by airk Aft instruments, but the
meteorola•ial trajectory was quit3 well established. The portions
at roughly 25,000 to 30,000 feet followed the same path but at slower
speeds. The 15,000- to 20,000-foot layer moved southeastward and
continued in that direction. The tracking aircraft remained at
20,C000 feet and provided an outline of the cloud at that altitude.
The north.ber (and higher) part of the col.----n t idaned by fallout
from the mushroom, but the southern part was not enlarged excpt by
the effects of directional shear and diffusion. The increase in
disaeter, measured front to back, my be considered due to diffusion
alone, and represents a mean rate of growth of the diameter of about
three knots.

3.4.3 Loni-R Coud PAh

Figure 3.24 shows the trajectories of the primary cloud
at the indicated isobaric surfaces. It is seen that at the upper
levels, 500 ab and above, the portions of the cloud moved along
approximately the sanke path with high speeds, fanning out only after
reaching the eautern part of the United States. The lower-level,
slower part of the primary cloud, on the other hand, moved farther
south and passed over the Gulf of Mexico.
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The concentrations of radiobctive debris detected on the
aircraft flights along the 84th meriLian are shown in Figures 3.25 -

3.28. The high activity at 25,OO feet showi in i-igure 3.95 can be
positively assoriated with the Dog cloud.

Figure 3.29 is a time cross section for the Dog cloud of
debris similar to Figure 3.11. It is seen that the duration of the
passage of the lebris at 20,000 feet and above io relatively short.
This results, primarily, from the high speed and the directness of the
movement of the upper portions of the cloud from the test area to the
84th meridian.

Figures 3.30, 3.31, and 3.32 outline the debris at 400
ab, 500 ub, and 700 mb, respectively. These Ligures, together with
Figures 3.12-3.14 and 3.20-3.22, show the positions of the Baker,
Charlie, and Dog clouds at tht same three levels at 1800 OCT on three
successive days. Of interest in the area delineations for the Dog
cloud is the tilt of the core southwestward from 400 mb to 500 mb and
the tremeundous in-vrease in the area of contamination as the elevation
decreases. The presence of the debris from the Baker and Charlie
clouds at 700 mb is also evident.

3.4.4 DsLtribution U Radioactive Debris at tJh Ground

Figure 3.33 shows the position of the primary clouds
of the Baker, Charlie, and Dog debris at 1800 GCT 2 November 1952
as obtained from Figures 3.4, 3.16, and 3.24. The lower portion of
each cloud (below 700 mb) could not be followed reliably by meteoro-
logical techniques but prubably trailed off to the west as suggested
by the dashed line. Diffusion and fallout must have extended the
arssa co-vard by eac' clo~ud in the ln~wtor levels a 7oneideraiule
distance on each side of the Lure. This ficure. together with
Figures 3.29 and 3.32, shows that it is difficult, if not impossible,
to distinguish the Baker, Charlie, and Dog debris at levels below
about 10,00 feet over much o' the southern and eastern United States.
It is thus apparent I.hat most of the radioactivity measured at the
ground during this period (about 1-4 November) cannot reliably be
attributed to a psrtic,O ýi burst.

3.5 V EkSy

The detonation of the atomic weapon for DU37Th Easy occurred at
1630 LAT, 5 November IQ51. It was exploded at about 5500 feet mal
(1300 feet above the ground).



3.5.1 Initial Cloud Dimensions

A theodolite located at Nellis Air Force Base for
observation of this cloud provided a ieliable report of 50,000 feet
f •r the maxitm cloud altitude. The cloud reached this elevation
12 minutes after burst time and was very nearly over the Control
Point by the time it stopped rising. An almost complete separation
of the mushroom from Lhe stem occurred, with the bass of the mushroom
at about 35,000 feet and the top of the stem at about 20,000 feet.
A tenuous dust veil connected the stem to the mushroom.

3.5.2 Ini

At the time of usio explosion, north-northeasterly
winds exited over ýhe Test "its from the surface up to 12,000 feet,
changing with altitude to northerly and northwesterly above 16,000
feet. The main portion of the bomb debris, the mushroom, moved
south-southeastward, turning toward the east-southeast after 50 to
150 miles. The debris in the lower stem fanned out toward the south
and southwest and was tr-cked for only four nours. The cloud outlines
in Figure 3.34 are given at one-hour intervals for seven hours. The
analysis is based on wind data and on radiological reconnaissance
flights that interceptel no radioactive debris ahead of the estimated
positions, thereby delineating the forward limit of the cloud.

Tracking airplanes were not able to fly high enough to
aemple the mushrocm portion of the .loud, but they were able to
follow the upper portion of the dust cloud and the fallout curtain
from the high-level material. At about 2200 OCT one aircraft en-
circled a portion of the cloud at 18,000 feet. It was concluded, from
the low activity encountered and from the position, that most of the
P~avHelan 41m -thin rlo A K&A fall-e or diffu-4 do.r4 f4...A "- "C-
mushroom.

3.5.3 1-one!-iian Cloud Path

,igurs 3.35 shows the meteorological trajectories in
connection with this test. The debris below 20,000 feet curved
clockwise over California before moving eastward. The path of this
material is illustrated by the 700- cnd 500-mb trajectories. The
path of the high-level material is illustre.ted by the 400, 300, 200
and 150--mb trajectories.

A groat deai of tne atmosphere over the United States
north of 30°N was contaminated ap to at least 25,000 feet by previous
bursts. As a remalt, material that started from the Test Site belc-
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20,000 fort becam, mixed with older debris. Therefore, the LARK
WILLIM flights that intercepted this material also intercepted the
trailing material from earlier clouds, and it is not poisible to
distinguish the leading edge of the Eay cloud. The portion of the
cloud that started eastward above 20,000 feet, howover, romirtd Potth
of the ares of earlier contamination and was clearly delineated by the
LARK WITIAX flights frm 7-11 November 1951 (Figoro 3.36-3.43).
Since the cloud that moved along the Gulf coast was initially above
20,000 feet, any iaterial collected at lover ulti c!ea was from the
fallout eurtain.

Figure 3.44 is a time cross section of the core of the
Rosy cloud as it passed the 84th meridian, constructed in the ame
banner as the tim sections for the earlier clouds (Figures 3.11 and
3.29). The position of the debris intercepted at 25,000 feet on
1200 OCT Gad 1500 OCT, 7 November is in excellent agreemnt with the
m-tsortloloal trajectory for this level, so it Is probable that some
of this nmterial moved essentially at that level from the burst olte.
At the sam time, a certain mount of this material moved vertically
frm adjacent levee but for two reascrs the amount of material from
other levels is believed to have been mall.

First, experience with other test clouds indicates that
the great length at ay given level is due to debris moving at various
altitudes (and therefore at different speeds) and subsequently swovng
to a cacme altitude. Had large mounts of debris from other levels
mov to the 25,O00-foot level, the cloud would probably have boew
mck longer and could not have passed the Kth meridian in five to
six bours.

Second, the earliest Interception at 25,000 feet
(Figure 3.37) showed no activity greater than M000 ca per half hour
filter in spit@ or the fact thst a hih level of radiosuviLy cari
be produced by fallout alone (see, for example, the discussion of
the 3K3N Charlie clOUd In connection with ?igur .3.21). Tids is
consistent with the mmal amount of waterial that initially started
eastward between 20,000 and 35,000 feet.

It will be noted that after the absence of debris at
25,000 feet at 1800 end 2200 OC'T of the 7th, material was again inter-
cepted after 0200 OCT of the Oth. This debris must have started at
high elevations, but descended below 25,000 feet and traveled for a
considermble period before being again carried aloft to the 25,000-foot
level. Such a path must be assumed for this debris since gg combination
of the winds observed in the troposphere above 2D,000 feet during the;eriod of travel yielus an average speed as low am that of this material.

slower wind speeds observed in the lower levels of the atmosphere
would account for the delay in arrival at the 84th meridian. For this
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reason, we must ýoncluds that oebris collected at 25,000 foot early on
the 8th was below 25,300 feet luring the ,th. Large amounts of
material, then, must have pessed down through the 25,OOO-foot level,
perhape over Tams and New Kexioo. Over the Gulf of Mexico veJtioel
motions carried the material up to 25,000 feet where it ma intezonepted.
This trailing cloud was wider than the aloud that was first intercepted,
as muld be expoeted from considerations of wind shear and eddy diffusion.

At the time the fallout curtain wee intercepted at 10,000
feet (2000 OCT 7 November), there was ufficient direotional shear in the
winds below 20,000 feet to permit an estimate of the maxiam tim coanmed
In the vertical treansport of this material. The LARK IU.LIM flights
illustrated in Figures 3.37 and 3.38 indicate that the southern edge of
the cloud at 10,000 foot was no more than 60 nautical miles south of
the southern edge of the cloud at 25,000 feet. The velocity component
ftrm the north in the 15,000-foot layer under consideration m apprica-
matoly 7 knots (averaged over either six hours or 12 hours), so it ti
probable that the material was below 25,000 foot a malmam of 10 to
12 hours before it was intercepted by the filter flights. This tim
requires a mean vertical ransport of 21 to 2!, ft it/minute. It .hoad
be pointed out that this rough estimate gives a m rate of
vertioal transport. The data are not sufficiently accurate to estimate
a maxinU rate, nor is there any indication as to whether this vertical
transport affected the bulk of the material or only a aml percentage
of the material.

At 15,000 feet the LARK WILLIM flight 13 (Figure 3.39)
intercepted debris of high activity at 25 0 M. Debris at 15,000 feet
ould have arrived at this low latitude at that time only by moving
cons•stently down froa 20,000 cr 25,000 feet since buret tim. This
corresponds to a not vertical transport of loes than three feet per
minute.

Figures 3.45, 3.46 and 3.47 illustrate the distribution
of radioactive debris at various altitudes and times. Figure 3.45
represents the Uasy cloud at 25,000 feet as of 100M OCT 7 November
1951 as well as ome debris from earlier tests. It should apicn be
maj*sised that cloud areas extrapolated very far from the flight Umn

mast be regarded as crude approximstions. The 25,000-foot areas shom
in Figure 3.45 are a case in point. The uncontaminated area at
25,000 foot imediately west of the cloud, shown at 80°W., has been
discussed in conrnction with tho time cross seation. As was mentioned,
It appears reasonable that at 1900 OCT of the 7th the debris west of
the I4th meridian was below 25,000 feet and for that reason Flgu-o
3.45 shows only one area of debris from the Eary cloud, although it
is possible the Iasy cloud was at 25,000 foot over the Texas WIlf
Coast.
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The area of contamination northwest of the &asy cloud
tas evidently divided into two branches by a narrow jet of high wind".
Wind spuwds in L.im ar--_,- 2-bellad "Activity from earlier burst" in
Figure 3.45 wele approximately 50 knots at that t•ime, while in t.e
un-ontaminated strip wind speeds exceeded 100 knots.

FiRure 3.46 shows the cloud saspe at 700 mb as uf 1MV3
OCT 7 November 1951. No doubt contamination from carlier bursts lay
north of this cloud but no filter data are available to indicate if
there was a definite separation from the Easy material as at upper
levels. The small core of gi-eat activity shown at 90°W was discuseed
in connection with Figure 3.44. This 700-mb cloud ws composed of
debris that diffused laterally as it moved dowqward from higher levels.

Figure 3.47 represents the cloud at 25,00) feet as of
1800 OCT 8 November 1951. A dashed line representing the path of a
constant-level balloon is also shown and is discussed below.

The paramount feature of this figure is the comparatively
narrow cloud of mat ,rial from the Easy Iurst, separated from the
activity to the north. The path of the Easy cloud was nearly west
to east for over 1000 miles while much of the residual debris located
300 to 3500 came from much higher latitudes. The confluence of these
two streams of air is uimistakable because we have, fortuitously,
independent tracers in these two currents. The Kany cloud Marks the
soutbern air current while a constant-level balloon floating at 30,000
feet marked the northern stream.* It had been launched at KNnneapolis
on the 7th and crossed the 84th meridian midwy between the time of
714u"s 3.45 and 3.47.

The unctnteainated area between the Easy cloud and the
material to the north, was the axis of the jet of high winds discussed
in connection with Fieur* 3.45.

C This balloon flight was number 645, launched from the University of
Minnesota airport on 1913 OCT 7 November 1951. This fligh.. at
30,000 feet was one of the regular balloons in the General Kills
progrea and had no actual connection with the BUSTE toots. This
trajectory is included on this figure because it is a verified
flight path (aircraft-tracksd) that is representative of part of

the debris from earlitir tests.
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3-5.4 Listribution of Radioactivi Debriia At 1hgu

Aa inspection of Figure 3.35 will show that the upper
level trajectories carried the laqy debris along the routhern limit
of '-.h'e surface monitoring network. Since no souther]y winds sieted
In ;he lower 10,000 to 2C,OC) feet, the only stations that could
have collected mterial from the &say burst are Del Rio and Corpus
Christi, Tzams, and Tamps, Flo'da. go procipitation occurred at
the time the hioi-leval cloud passed overhead, so if Way material
was collected at the surface, it was brought down by turbulent
diffusion and gravitational settling.

The tray sample at Del Rio taken from 1845 OCT 5
Movember to 1845 OCT 6 November 1951 shaved a significant increase
of acti'vit7 (Figure A,19). Since all upper level portions of the
hasy cloud had passed overead beron the end of that sampling
period, it would sea logieal to associate this activity with the
h1aby cloud. 2mtination of the meteorological evidence indicates
that this is not correct. Kuch of the air of the fower atmosphere
north of this station was ec.-tmtited by earlier tests. On 230
OCT 5 November a cold front paeosed Del Rio and the air fram the
north pauhea &ou%'Drd over the I(odcan border. The increase of
activity that occurred as tts air pushed dcw from the contminated
area suggesto very strongly that the increased activity wes due to
residual debris fro& other teste rather than fallout from a cloud
passing far avrrh.,&d. Thi data from Corpus Christi are amiguous
because the acivity on the tray increased frre the 6th to the 7th
but at the smne tWms tj, activity on the gumd paper decreased.

It can only be stated that in gsewral the dUta from Dal
Rio and Cors Christi suggest tht the maples collected on the 6th
and 7th were not debris ma the hasy t.. '

The tray Qamples collect.ed at Tamps, Florida during the
p•rio-a fror 1-15 November 1951 (Figure-, A.20 - A.28) did oct show any
-igifoan • increase of activity evon though this station was in the
most favorable poa'tiok to collect fallout. It appe•,s that no
surface mploesa of debris w•r • obtAined fron ,.,'e i'Lsy bur-%t. go
doubt material frvu tis burt mixt.ed with the watesr. t fiow other
bursts an was subsequintly -ollected at tkwA surfn,'4 k t it cAMOi.
be &eoprated and iientUied.

3.6 JAUOU SL¶RA,'

The &wfaeo dotootion •u¢'re at, AT00 WT.T .1 Xo er 1951.
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3.6.1 Initial Cloud Dimensions

The cload moved northeastward, away from the theodollte,
so that reliable reports of rloud height were easily obtained. A
maximum height of 15,000 fett msl was reached in 4 minutes and 45
seconds. The base Co the prlmary mushroom was 11,(00 feet. A second
mushroom, composed of surface dust in an air curreat which was heat 4
by the hot crater, formed and its top reached a level jus. beneath tha
base of the first mushroom. In a minute or two d~f1'Usion had closed
the gap beyween them, but thi rosy-colored upper mushroom remainel
distinctly separated from the 1oa:y, ir.yish-white mushroom. Directional
wind shear carried the rosy top to the north-northeast and the lower
part directly northward. The clouds were observed to rise and fall as
they drifted over the first ridge of hills. During the period of
observation the upper mushroom grew from 49(00 feet in diamster 6 minutes
after the burst, to 9100 feet after 11 minutes; to 12,4M0 eet after 16
minutes; and to 14,400 feet after 21 minutes.

3.6.2 Itial Cl Tra'

The topmost portion of the cloud was tracked dirz :tly
over Great Salt Lake, Figure 3.48, while the lower portions followed
valleys toward the north. Further progress of this loW level cloud
iL given in Section 3.6.4.

3. .3 Lg__ ng1 p Cl, o "o a!h

Long-ranpa trajectories of the prisary cloud from the
&irface burst are sia',y in figure 3.49 for the Tradient wind level
(2,000-3,000 feet above the surface), the ?0X0-mb level (10,0(0) feot
mel), and tne 14,000-foot iasl level. (Details of the distribut.ion o0
radioaccvity associated with the &radient level trajectory will be
disciisaed in iection 3.h.4) (Figures 3.50- 4.58) The two higher
trajectories are based kn data from the LAH'( WILLIAM flights 17-21
(Figures J.•50-3.58) ar.2 on the meteorolorlcal trajectory from the burst
site. At the ýim. of the burst, a ridge of high pressure extended from
Now Meiico nortiward into Canada And produced southwesteriy winds
a&o", 10,C000 feet over Nevada. A3 the debris fram the upper aushroc
mu•,d northeastward, the r:dge moved taeistvrd rather rapidly so thea
the pr..mry cload contirued on a northeaitward course.

It is probable, however, that some of the daffuse
.-wloaoal actually tra%,lled with a speed swe 5-10 perent prroate.
than that of the primary clcisd at i.,.•, ft, passed the ridge line.
and moved southward before cro-ing thr 44th meridian. Such a movement
accounts fcr the activity fmcountered on the LARK *(LLUA 1' fight
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(Fipre k.$(,) at 190 N. 84 0 W on 21 November at C415-0445 OCT. A decay
curve made by the AEC'NYO0 7 identified thi, rmaerial as debris from the
Surface barst.

?igures 3.51Y and 3.60 show estimates of the contm~irsted
areas at 14,(00 feet &nd 700 mb, respectively, at 19O0 GCT 21 November
1951, In both fipures, the delineation of the core of the cloud and
of the activity in the vicinity of 84OW is fairly well fixed by LARK
WILL1JA4 flightoi 17-21 (Figures 3.50-3.58). However, the delLneation
of activity in the leading and trailing pcirtions of the cloud in
subject to •onsiderable doubt since no measurements of activity were
made in these regions. The tongue of c.ntmination reaching southward
over th- Eastern States was Surface debris whitrh moved ahead of the
primary cloud and curved southward. The material indicated south of
the Great Lakes amQ in the MississIppi Valley was undoubtedly coatmi-
nmation from earlier bursts. Delineation of the southern boundary of
the debris in the swtawest ard west is very uncertain; the northwest
boundary is dravn ta coincide with a marked wind shear in advance of
an outflow of presumably unc..tam1nated air from the northwsst.

3,~6.4 Dietpxition 2f RIdLoactiyv! Debris at the r~un

The movment of the low-level debris from the Surface
burst was dominated, during the six to twelve hours fol-lowi- the
burst, by the relatively strong south winds associated with a high
pressure call centered over northwestern Colorado. The lower mush-

..o mo nt._ .s_ st directly northward through thp north-south val leys
whlch are a topographic :estuv of thi r....n.

Althoug, metearological observations are non-existent
in the imediate area frcv. the Teat 3ite northward to Elko, Nevada,
it is possible to -econstruct the probable path of the low-level
debris by considering the topgraphy, the few near-by meteorological
observations available, and the mobile fallou• mcnitoring by the
team from the AEC New Turk Operations Office.°

For the Surface burst, mobile -ound stations were
established at Wendover, Delta, and Lal t Lake City, Utah, at Burley
"and idaho Fe1ls, Idaho, and at Elko. Nevada. The filters on the dust
samplers were penerally changed at frequent onougn intervals to sow
the time of first arriv.l and of ma-ximuz activity, within nkrrow 11r,•ts.

7 ibi,. p. 5Q

8 ibid. pp. .2-.7

_________ __________ __________/___ .



Figura 3.61 shows the locations mf the mobile stations,
as well as some of the Weather Bureau stations uzd in the rmutine
fallout monitoring program, and Fives the reconstructed path of the
d~tris at the gradient level. Shown at each of the mobile stations
with significant activity is the concentration (d/m/meter 3 , extrapolated
to the time of collection) found on the most active dust filter, and
the time at uhtch the observation was made.

At Elko, the first sample taken contained the greatest
activity found on any of the filters, indicating that debri s arrived
at this station before the sampling began. However, the great activity
found on the first filter and a t.onsideration of the gradient wind
pattern, makes it likely that this filter wts exposed very near the
time of maxidmi activity. A mean wind o: about 35 knots would have
been necessary to transport debris tc Elko by the tiame of the first
"Imple. Although somewhat lighter winds existed near the Test Site,
there is evidence that higher wind speeds existed to the north. The
channling effect of the north-south ridges also serves to increase the
wAnd spsd in the valle-a between the Test Site and 1tlko.

From Zlko, the gradient winds indicated a trajectory
pasesiag northmrd over Boise, Idaho, and then northwestward to the
Columbia River Valley, where the winds beemme light and variable.

Fallout monitoring detected high activity at Boise from
21 to 27 November and moderately high activtty at Pendleton, Oregon,
oan the 21st and 22nd (Figureo A.34 and a.35). The persistence of
debrs.e in the vicinity of Boise can be attributed to the light,
uarlahle murface winds which existed thriaxhout the Deriod.

The absence of activity in the mobile observations at
Delta and Salt Lake City ir a revult of discontinuing the observation
before the arrival of the debrIs. For exaple. at Salt Lake City,
operations continued mnly until 160 OCT, 20 Novomber, and showed no
significant activity. However, the routine fallout monitoring at
tbh Salt Lake City Weather Bureau station shows increased activity
during the two succeeding 24-hour periods.

In addition to the area of perststent activity near th"
gror'id in the vicinity of Boie. another area of pronounced activity
occurred in the eastern Dakota,. Nebraska. and western Minnesota on
21 November (Figure A.34). Although beet defined on the 21st, this
area of high activity can be followed as it moved eastward to the
coast on the 22nd and 23rd (Figures A.35 and A.36). An interesting
feature of this activety is that the 3uaace weather map indicated
an outbreak of fresh polar continent . & v f-,Non norther7& Canada
%Ahich would be expected to be uncontamir ced. At 1830 G342r on the
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21st, the leading edge of the polar air extended fron the western tip
of Lake Snperior southwestward to Omaha, Nebraska, and then westward
through central Nebraska, slightly in advance if the region of mLsanm
activity indicated in Figure A.34. Since no precipitation of azW
consequence occwrred during the ampling period at statios in this
area, mach material auwt have been carried down~rd in the turbulent
zone associated with the cold front.

3.7 A M CI

The !ndagroud explosion occurred at 2000 OCT 29 November 1951.

3.7.1 I Sg9j Dimensions

The top of the cloud col had apparently stabilised
at 10,300 feet sel at 4-1/2 minutes, but two minutes later a mall
projeCtion formed on top of the cloud, adding 200 feet to the height.
Sabsequeft rising and falling occurred as the cloud moved over the
ridgas to the northeast.

3.7.2 In1&~a1 2Loud Track

The limited height of this cloud was not sufficient to
expose It to very strong winds, so that its mowwaent was much slower
than that of previous clouds. One tracking .J-plane was able to sake
nmrous checks of the edges of the upper cloud, yielding a very accurate
cloud path for the short period of operation as shown in Figure 3.62.
The lower cloud hung back and the trailing edge remined at or near the
detonation point for several hours before moving slowly northward. When
the nocturnal drainage current reestablished itself, sone of this debris
moved back southward over the Control Point and cmap areas.

3.7.3 on-an-19hh

A trajectory of the Underground cloud at the 70O-ab level
is shown in Figure 3.63. Also shown is the approximate path taken by
the debris in the lower levels. Th!.* lower-level trajectory will be
considered in Section 3.7.4.

The only long-rang detection flight to intercept this
cloud was LAM WILLIAM 22, -howr in Figures 3.64 and 3.65. This flight
was dispatched to determine whether or not the cloud passed over the
Rocky Mountains, and it encountered moderately strong activity, ar-und
40,000 ape, near Rapid City, South Dakota, which can, without question,
be attributed to the Underground cloud.
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The forecast that led to this flight was thus a correct
one, but the forecasting for additional detection of this cloud was lees
fortunate. Four other flights, shown in Figures 3.66-3°72, were made
along the 84th meridian but were not saccessful in detecting the cloud.
Apparently the debris passed wel.l north of the latitudes covered by the
flights.

3.7.4 Ditbto 9L Radioativs Nbd &I M1grun

1 New York Operations Office, AtE.C., established
special mobile monitoring stations for the Underground burst at O6den,
Provo, belta, and Wendover, Utah; Zlko, Nevada; end Rock Springs,
Wyming. These were in addition to the replar network of fallout
monitoring stations that were in operation throughout the series of
tests. The data available from these special monitoring stations has
been published. 9 These records show a saxinm of surface concentration
of debris at Elko, Nevada - considerably to the west of both the tra-
jectory at the 700-mb level (Figure 3.63) and the path of the cloud
shown by the close-in detection (Figure 3.62). Meteorological data are
insufficient to provide a completely satisfactory explanation of the
arrival of this debris at the surface at this western location. By
inference it must be concluded that the channeling effect of the north-
south ridges and valleys was such that the debris was carried northward
thro~ah the valleys at levels below 10,0W feq. The available winds
aloft data for stations near the path that must have been taken by the
active material are given for the applicable time in Figure 3.73.
From the time-versus-activity graph of the airborne debris at Elko,
it is apparent that radioactive material from the Underground burst
was at that station within 12 hours after the detonation. This requires
a movement at the rate of approximately 20 knots, a speed somewhat
greater than the wind speeds measured at the stations nearest to the most
likely path of the debris. It is probable that, accompanying the
channeling effect of the mountains, there was an acceleration of the wind
through the valleys just as in the period when the Surface debris moved
northward.

At Provo, Utah, the data collected by the sir filtertvt
unit shows that the peak activity recorded during the observation period
occurred only four hours and forty minutes after the time of the burst.
If this activity resulted from debris from the Underground cloud, it is
necessary that it moved at P rate of approximately 60 knots. Thie speed
is far in excess of any wind speeds observed between the surface and
10,000 feet during this period. In view of these reported speeds, it

9 IW4. pp. 47-53
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seems unrealisotic to ascribe this peak in the measured activity to the
Undergound burst. It is uwre likely that a local shift in the wind
eirection accmpanied by an increase in speed, perhaps a down•lope
wind associated with the nocturnal cooling by radiation, caused debris
from the Surface cloud to be iftted from the surface and transported
to the monitoring station. Meteorological data are not available from
Provo so the validity of tnas supposition cannot be established.

The second maxUm in the recorded activity at Provo
represents material hilch has fallen from the primary cloud which
passed over Provo at approximately 1000 GCT 30 November.

The data collected at Ogden, Utah. do not show a clear-
cut mLximum of activity. Because cf the relatively short period during
which measurements were made, it is not. possible to establish the
level of background activity for this region. It is possible that the
measured variations simply represent fluctuations in the background
activity, although the broad peak between approximately 1000 and 1800
OCT 30 November probably resulted from debris from the Underground
cloud.

Rock Springs, Wyoming, and Wendover, Utah, the remaining
two stations for which data are available, showed increases in measured
activity at times which are consistent with the available meteorological
datu.

For greater distances from the Test Site the areas where
debris settled to the surface are shown in Appendix A (Figures A.43-
A.46). These areas lie to the north of the trajectory of the top of
the cloud, i.e. that part which crossed the divide. This displacement
results from the winds in the levels below 10,000 feet. Figure 3.74
shown the primry cloud trajectory at the 700D-b level duriag the
period from 0000 OCT 30 November 1951 through 0000 OCT 1 December 1951,
the area at the surface considered contaminated by debris from the
Underground cloud as of 1700 OCT 1 December 1951; and vectors showing
the wind travel for the 24-hour period 1200 OCT 30 November to 1200 OCT
1 December 1951, based on the aerase wind fron the surface to 10.000
feet at the station where the arrow originates. As this figure demon-
strates, debris was carried by the lower level winds from the 700-mb
level to the area of detection at the surface. The *tail" of the
surface area of detection, extending to the Pacific Ocean over Medford
and bagene, Oregon, results from the effective dcwmrd transport of
residual activity in the atmosphere by the heavy pr*cipitation.

An eastward movement of the area of contamintion at
the surface was detected for xinl four days following the Uderground
test (Figures A.'J through A.46). Thereafter, cccasional contamination
was detected at isolated stations, but this detection occurred during
periods of rainfall and cannot be directly attributed to the Undergournd
cloud.
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YoOO. ...
(~AREA OF SURFACE CONTAMINATION

1200 ACT I DEC. i~bI
700 MILLIBAR LEVEL TRAJECTORY

0 0000 OCT 30 NOV. TO 0000 OCT I DEC. 1951
NINO VECTOR SNOWING 24iHOUR WIND TRAVEL BASED 0N
AVERAGE WIND SURF A CE TO 10 000 FEET DORIN THE
PERIOD00 1200 IICT 30 NOV. TO 12100 OCty DEC. 19SI

Fig. 3.74 Surface Con~taminat~ion from the UndegVmwA Burst
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CHAPTER 4

FALLOUT MCMITCRIING AT THE GR(OJD

4.1 INTRODUCTION

The distribution of radioactive debris at the ground, or more
particularly the distribution of debris collected by the monitoring
devices, was discussed in part in Chapter 3. There Are a number of
general comments, however, which should be made about the techniques
and results of the fallout-monitoring program.

4.2 _M IF P•ECIPITATION ON (ROUND CONCnhATIONS

The fact that rain or snow can soavenge particulate debris
from the atmosphere has long been known. The measurments of
radioactivity at the ground by the fallout-monitoring network
provide additional evidence of this phenomeown, and it is possible
to study the effect of precipitation on the three sampling devices.

4.2.1 Eglout& rUm
The trays collect whatever debris falls in them in the

absence of rain and "aso whatever material is brought down by the
rain. Thus, the tray measurements are especially sensitive to reain-
out. This is readily apparent from the paralleliam between areas
of high activity, based primarily on data from the trays, and, of areas
of precipitation, &s seen in the figures of Appendix A.

A particularly good example of this parallelism is see
in Figures A.4 - A.12 in connection with the movement across the United
States of debris from the third Russian burst. The first appearance
at the ground of material from this •-urst occurred in the State of
Washington on 22 October 1951 (Flgure A.4) and it can be seen that the
observed activity coincided almost nxactly with the precipitation
area. On the 23rd (Figure A.5) the same coincidence occurred in the
northwestp and a region cf increased activity appeared in Illinois -
again in an area of precipitation. This same phenomenon was also
evident on the six succeeding dvys. On the 23rd and 24th, the
absence of activity over the Plains States, where no precipitation
occurred is a striking confirmation of the importance of precipitation
in bringing debris to the ground.
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There was a highly significant difference in the
activity found on the trays in periuds of no precipitation and in
periods with precipitation. About a tenfo.d increase in activity was
found to occur during periods with over 0.10 inch of precipitation as
compared with periods having no precipitation.

In general, the wet tray provided a fairly large area for
catching particles, and it provided a means of sapling precipitation
as wel - thus serving as a measure of the radioactivity that would
reach the ground. However, for sercral reasons, the olmta fr.m the
tray station were subject to errors. In the first place, if the tray
dried out - as could occur in a few hours on a dry, windy day - all
the debris which fell on the tray might not have stayed there. Also,
there is always the chance that some of the water in the tray was
spilled with a resulting diminished count. The most serious fault of
the tray, however, was that some of the ample was frequently lost as
a result of overflowing in .-ain. An overflow on the tray was designed
to collect surplus water in e two-quart jar, but rain falling on a
surface of nearly 9 square feet would quickly fill the overflow jar.
For exope, if the tray was initially full of water it would take
only about 0.10 inch of rain to fill the jar, and there were often
large sections of the country with more than an inch of rain in a day
during the period of the tests. The observers at tht "ato- e+tion
often did not have time to service the trays every few hours as would
be required on certain days.

The difficulties in tending the trays and the frequent
unreliable measurements that resulted have led to the abandorment of
the tray as a collection device for future tests.

4.2.2 Oue PaEr

Like the tray, the gummed paper collects debris actually
deposited on a horisontal surface. The characteristics of the gumd
paper are not fully known. For example, the effect of temperature
and humidity on the stickiness has not been investigated. At low
temperature the surface may not hold all of the particles that strike
it. Snow may cover the paper and prevent the adhesive qualities from
acting effectively. Also, the amount of debris carried away in rain-
water which runs or spatters off the surface is not known.

Preliminary studies of data from several stations
equipped with both tray and guwmied paper have shown that there was
a significant positi-e correlation between the activity collected
by the tray and by the gummed paper; that on the average the gumd
paper was a more efficient collector than the ý ray, and, further,
that in periods of precipitation the Cined paper indicated proportion-
ately higher activity than the trays.
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As a result of its greater collecting efficiency and
simpler operation, the gumiued paper has been chosen as the measuring
device for radioactivity deposited on a horizontal surface in future
tests.

4.2.3 V 1 i1tr

The air filter collects particles suspended in, or falling
through, the air rather than those deposited on a horisontal surface
and hence would be expected to give different results. The air-filtering
device was sheltered so that snow or raindrops normally did not impinge
upon the filter; debris contained in the precipitation was thus not
collected.*

A comparison of concentrations reported by air-filter
stations showed that there was a statistically insi• ificant variation
between periods of precipitation and no precipitation. In the cases
studied, the precipitation was of the widespread, warm-frontal type
rather than of the shover or thunderstorm variety. These results,
whe considered Ath the marked increase in activity measured by trays
and g•aed paper in precipitation, can be interpreted as indcating
that in steady rain, at least, debris is almost entirely brought down

by the droplets rather than in the air surrounding the drops. The
effect of showery precipitation and the correspondingly greater vertical
actions of the air on air filter measurements resains to be determined.

4.3 VARIABILITY OF RADIOACTIVITY MEASIUR) AT THE Gt-OM

A cursory inspection of the results of the fallout-monitoring
program contained i n Appendix A reveals large variations in reporte•i
activity from station to station. It is important to know what causes
such variations.

4.3.1 Oberairigt _b 2W Ket~h~

In addition to the variation from station to station during
a given period, there are great. fluctuations with time of observations
of the same type at a particular station. Even wheon two treys were
placed side by side, they often gave very different results during the

* Occasionally, in heavy rain, the water did get to the ftlter, in
which cases the filter frequently burst and the sample was lost.
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"isam period. The greatest variations are adsociated with precinitation
but significant anomalous variations occur even ov days without precipi-
tation. Severil causes for these anomalies can be sussted. Slight
differences in exposure, for example, height above the ground, nat~ure
of the local terrain, or proximity to obstr•ctions which might peodwe
local eddies, could have a marked effset on the mount of debris "llected.
The deposition of a few very active particlea might also affect one
sample and not the other. The care in handling the collecting equipment,
especially the trays, is also Important. The local wind speed and
direction can also cause one station to receive much higher concentrations
than nearby stations as, for instance, when debris once deposited on the
ground Is redeposited by local wind action.

Before the variability can be completely understood , work
mut be done to determine the &=ct effects of eposure, microturbulence,
and the local wind field.

4.3.2 Obserthgg X %ffLarmt IgMB1I

Still greater confusion in the interpretation of measure -
mts of ground containtion rvoults from the very different results
obtained by two sampLing methods which are supposed to measure the
sm quantIty. The tray and timed paper amples ware correlated, It
be sre, but tht scatter around the rigression line was very large.
The tray and the air filter, of course, do not measvre the same quantity,
but would lo expected to shm parallel results. Yet Ywq time, even
in the abeece of precipitation, these two devices indicate opposite
trends in tte, activity.

T he specific cause* of such ancmaous behavior %all not

be known until the various effects involved are better understood.

4.3.3 M& Siodt~oance 21 JU aiait

Thu~ great variability in~ tho reported ground concentrations
of rad.iosoAvit) in both tim and Spaze is due both to real differences
I- tmaipo-t ard to fictitiouq diffemei As intro.sced by sampling

rocedwres. r uneartainty in the sampling rmro'Qedurse stems from two

1-0 IA Page 69 an Appendix H

S Pages 70, 71

107



sources: first, the difficulty in making the observations carefully
and, second, the variable collection etficiency under various atmos-
pheric conditions. While it to true that the data free the trays and
guneod paper are measures of the activijy falling to the grcvd,
there is no way of knoving what the wact relationship might be.
The uncertainty in the reliability and moanng of the tray and gummd
paper results precludese any satisfactory quantitative fallout or
ltinout study at *tis time.

4.4 ZZUBM 2 RUDCNTKNTO

Iven with the many observations at the ground and from aircraft
during the BUSTER and JAUCLE tests, it was not possible to co to
any definite conclusion as to the contooinations to be expected under
given conditions and at sp*ci•tiod distances from the origin of the
burst. However, the observed concentrations at the ground gave a
rough idea as to what mazinum conoentrations might occur under test
conditions imdilar to those of BSUS!, and JANMK.

4.4.1 3 zaa Wz Flter Neasu'• U&e

The ýighe t air-filter measurements outside the test
area, 9to 4 x l10 d/m/meter 3 , were, logically enough, at Riko,

oveada only 200 miles from the Site. These resulted from the
d•VG• bursts, which did not distribute their debris to great heights
as did the larger weapons. last of the mountains, high values were
found by the mobilo moniting teams In Tei8 approximately 800
d/m/moterd on 5 Noymber. L The highost value along the 84th meridian
was that at Cincinnati on 1 November - 570 d/m/mter'.

T.ese extrme values are o: the saon order of manitude
as the higher counts observed with eireraft filters.

The highoat activity, 360.000 d/m/foot2/day, observed by
tray or gsed paper wa that of the tray at Rochester on 1 November.
Koseover, Rochester had the greatest cuwlAtive mount of any station.

12~g Fig. 10,

13 Appendix
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There is a reasonable explanation for the high activity occurrir4 in
this part of the oomntry. Seeral of the clouds from the burst
passed over the Northeast during persistent rains there. Rochester
is very favorably located to receive frequent precipitation, with
large lakes both to the north and vest, and large quantities of rein
and nMw fell there during the period of the tests. This dooe not

pArin, hmo"evr, why Rochester had so mach more radioactivity than,
IIyp Cleveland or Binghamton. The eslanation of this is not knon.

ne ean only sppose that sach effects as exposere, local minds*, and
in partiaUAr the ore with which the samples were collected, wre
favorable for high counts.

4.4.3 #A&&= Possile Valid
The aadamm possible deposition of radoactivity at

the grou is a function of the quantity and nature of radioactivity
in the cloud, the vertical distribution of the debris, the siount of
diffusion, and the effectiveness of the mode of domwnarl transport.
It has been ihomn that rain i. exceedingly effective as a means of
producing the dowmard transport. ne may, therefore, 4nceive of &
coinmeLtion of conditions hich would readily create dangerous
activity at the ground. For exinple, rain %hich occurs in and aver
a noy foried atomic cloud might wash down a ve•y large fraction of
the debris to the grod and produce a iajor hazard.

A second potential source of high radioactivity at the
grud, oew that has receiveod little attention, is a lo-level
cloud which reachis an inhabited area before adequate dilution takes
place,, Th relatively h•g•, activity at 1lko, Nevada, follo•ing the
Owfaoe aid Uderground bursts illustrates the potential of such low-
level trnaport. If all the active debris were beneath a strong
temperatur tnveresin throug which little diffusion is possible,
one miot fid surprisingly high values at points rmote from the
Site. It would be worthwhile to track the lower portim. af clouds
to &acertain more properly th. degree of activity at these elevations.

While the taste carried out at Novada have not produced
any serious hasard at places rImoved frci the Site area, these bursts
have occurred under conditions selected to prevent such hlaLs4. It
is felt that such caution should continue to be exercised in the future
sInee evidence collected du-ing BWSU and JAIN indicates a potential
danger.
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CHAPTER 5

CONCLUSIONS AN~D RSCJWAI

5.1 DETECTION OF - jU(P X

The studies of the BUSTE and JANUCI operations have brought to
light several important factors which ma affect the operUti•g
procedures of the 1009th Special Weapons Squadron for detecting and
collecting debris from foreign atomic explosions.

5.1.1 DifiSulte In Det~cwiM Go iA da aca e Clouds

All debris at 25,OO0 feet from the Dog burst passed the
84th meridian during a period of no wort than 10 hours, and even at
the 500-mb level the time ror passage of dobris was probably lses
thaa 20 hours. This means that routine 50D-mb flights at 48- or even
24-hour intervals could wall fail to detect such a cloud at a distance
of 1500 nautical miles from the source of the burst. Since this cloud
was associated with relatively strong winds which exhibited little
directional shear, It may be advisable to schedule more frequent
flights during such astsorological conditions if a detonation Is
suspected.

In general, flights as close as possible to a suspected
foreign test site are preferable if prompt detection and large young
samples of debris are desired, but it is ad'risable to back up such
operations with routine flights at Lreater distances from the suspected
sorce. This would allow opportunity for greater elongation, lateral
spread, and vw,!.ical extension of the cloul, thercby increasing the
probability of detectior..

5.1.2 XrjejUj M M vU mnt 2f Clods

Another sigificant point is tho lack of success of
meteorological forecasts of cloud trajectories i'der sosm circumstances.
Se over a region with relatively dense, reliable aid promptly

available upper-air met•eorololgcal data, it is not always possible
to accurately forcast the path of the debris.

A notable example was JAX;1LE Underground (3.7.-). In
an attempt to delineate the cloud rather than to insure detection,
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four flights were scheduled, each to make several traverses acress the
expected path of the debris. The original forecast was in error, and
the cloud passed to the north of the area covered b7 the detection
flights. Had a maxima range flight boon dispatched from Robnn Air
Force Base toward the north, the cloud might have been inte,•cel•d
This case points out the hashrd of restricting detection operations
to a sm area on the basis of meteorological forecasts. Flights
should be planned %dth a sufficient margin in their coverage to allow
for ouisiderable meteorologic4l error.

The experience with Baker and :harlle demonstrated
the difficulties which may be encountered in distinguishing,
mateorelogioal, debris fram a series of consecutive bursts, even
though separated by one oa more days in time. Although Baker and
Charlie were detonated two days apart, debris from the two clouds
earived at the 84th meridian within 12 hours of each other, since
the Charlie cloud attained a higher altt'iude, was carried by faster
winds, and took a more direct path to the flight line than the Baker
debris.

This uncertainty exists to an even greater extent in
connection with debris collected by the surface monitoring network.
Altb•ogh this network is capable of collecting large quantities oX
debris from the bursts, the association of a sample obtained at the
gound with a particular burst frequently is not possible. This
reselts from the fact that material frm successive bursts, moving
in different wind fields, can become mixed by the proceazes of
diffusion, fallout, ai.d precipitation.

5.1.4 OmZarih I 11LtojL9

When special aircraft flights are contemplated for the
precise delineation oý a -loud of d•,,L , particularly when the
timing of the flights is critical, it is advantageous to have the
meteorologleal cffice from which trajectory forecasts are to be made,
located at the airbase fr-A whirt the flights are to be made. Such
an arrangement eliminates ta•e unavo.i.ble comi•ication delays
and prsmits a more rapid alteration of plans when additional meteoro-
logical information is recei ved.
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5.2 ROUND CONTAKINATICS

5.2.1 The Effect of Precipitation on Surfa Contanatn

Precipitation is the dominant cause of deposition of
high conoentrations of radioactive debris on the ground auq from
the test area. A real hasard to personnel might smut as wmch as
several hundred miles from the site of a burst if roen occurred in
the region of most concentrated radioactivity.

By far the greater part of the debris deposited by
preciritation during the DJSTU and JANIL tests vat carried downward
in rainrdrops. Whether the debris came primarily frow, the cloud layer
where the raindrops originated, or whether it was collected from the
air through which the rain fell, has still to be determined. Concen-
trations in the MX at the surface were not changed signifticantly
during periods of rain. This effect should be investigated not only
in general rain areas but also in showery types of rain, which occur
sure frequently in spring and sumcr.

5.2.2 or 2 Maue CaUUDrmi

Variations in the measured concentrations at the
ground were large and frequent, and in us cases could not be
adequately Lalained. Consequently, the ewct maning of the results
of the surface-monitoring progrea is not known. Research should be
undertaken to determine what specific meteorological and other
factors cause these variations.

5.2.3 2S~MtUJLu gL Low2iyel Pakzis

The channeling of the cloud by the terrain near the
Test Site was very effective, as shown by the high counts measured
at Ilko, Nevada, after both JAMS burets. Under certain oonditions,
even higher concentrations might exWat through a laye several
thousand feet thick and, with precipitation, could produce a real
hasard tc personnel on the ground. for future tests it is r~eosiwded
that the lower part of the cloud, which might be channeled b7 the
terrain, be tracked and that the thickness of this portion of the
cloud be determined, in order that the possibility of hazard to
personnel may be evaluated. Additional wind observations should be
obtained in those regions near the site where no pearanhnt stations
eodst and through which the debris Way be -nanneled.

112



APPEDIX A

DATA FRHK THE FALLOUT-MtITORING METWOU

This appendix gives the data obtained from the fallout-monitoring
netwokk establishtd by the New York Operations Office of the AEC.
The gn0=al nature of the network and the sampling techniques were
presemted in Chapter 2 of the basic report and are also covered in
the report of the Now York Operations Office. 1 Locations of the
stations are given in Figure A.1, along with the midtim- (OCT) of the
Sampli period at each station and the model used in recording the
data an the mpg.

The beginning tb&e of the sampling period was determined largely
by the work load at each station and hence differed from station to
station. At any one station, however, the sliaping period began at
about the same tim each day. All samples which included 1800 GCT
on a 5vm dato are recorded on the map for that date.

The amount of pr•cipitation which occurred durin the seali
uiod is given, Sn inches, below the station circle. These precipi-
tatian asmmts wre obtained in most cases from the STATION HETEMO-
LOMCAL SUMARY (Weather Bereau Form 1001 C). Generally these forus
give the hourly amounts of precipitation, so that the amount -hich
tell in any 24-hour period could be approxinated closely. In some
ca•s the amount. recorded are for a different Weather Bureau station
In the mass city, or were obtained frog the 3sx-hourly surface obser-
vations, Sow has been reduced to its water equivalent.

The shading shows areas where 0.01 inch of precipitation or more
occurred during the sampling period. Between the sampling stationd
the areas are only approximate.

The radiological data are essentially those included in Appendix
A of the New York Operations Office report (distribution of this
appendix is very Limited) except that samples extending over two or
more days have been omitted. For 22 October and succeeding days, all
data were extrapolated to te sampling date by the New York Operations

1 V.. Atomic &urg- Conission, New York Operations Office,
Hadioaotive Debris frm Operatione BUT and JAN(UK:
gbhezMMUe h " MAes fro jthe Test ;Itb N10-1576,
28 Jan 1952 MM)

113



Office, on the basis of an awsn d rate of dea and the particular
burej Aeeimed to have been represented. The rate of deayý ammmad
( t"'O ) Is *6l appraoxIt; and, awe sipmifloant, the mteorological
analysis indicated that debris had been attributed to the . burst in
mn cases. As a result, the extrapdlated cecenteati•ts recorded are
often In error by a much a" a factor of two. Considering the great
variability of the aemoentraeti.e., this Is an insignificant eroer.

M e iolimee @bow the a droximt. areas at oomtsolmation thr4o e&uk
the Mvted Mkatee. IM daMed and solid Imes represent, respectively,
the 100 aid 100 d footz/dW ooametratamms from the tMe* but were
als dwam flor the rWlr eqdivalent vaele" fm the p S paper -
and 3* 000 'Qft / - Wsme the tray wmes semed unepreemtative.
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CmaLIng Gem-a, lO09th Special Weaonao Squadron, 1712 Q St. M,
Wasingn 25, D. C. 9-65

Assistant for Atumic wgri, Heedquarters, United States Air Fzoe,,
* Washineton 25, 1). C. 66

Director of Researh and Developwent, 1Hedquartore, United States
Air Foroe, Washington 25, D. C. 67

AISWP ACTIVIT'M

Chief• Armed Fores Special Weapons Project, P.O. Daw 2610p
Washington 13, D.C. 68-76

Commrdi Geneal, Field CommaM, Armed Foroes Special Weapons
Project, P.O. Bao 5100, Albliqueoquo, N. Mu. 77-79

Ccnanding Orfice, Test Cammn!, Armed Forcon Special Weapons
Project, P.O. Bx 5600, Alb.A~uwqx, N. .8D-82

(CM ACT" IVTI'

Weapon Test 1Royrts k-rop9 TZ 83
Surplus in T?2UM for AbSe 8..-34
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Defense Special Weapons Agency
"6801 Telegraph Road

Alexandria, Virginia 22310-3398

TRC 21 August 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of AD-356275L and Withdrawal of
AD-B951736

The Defense Special Weapons Agency Security Office (OPSSI)
has reviewed and declassified the following report:

AD-356275L (WT-308)
Operation Buster, Nevada Proving Grounds, October -
November 1951, Project 7.1, Transport of Radioactive
Debris From Operations Buster and Jangle.

Distribution statement "A" (approved for public release)
now applies.

Since AD-356275L is now declassified and approved for .pblic
release, this office requests the extracted versioi (AD-B951736,>
WT-308-EX) be destroyed because it is no longer applilcable.

A ODI H JARRETT
Chie , Technical Resource Center

copy furn: FC/DASIAC
KSC/Alex
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